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Abstract  
This paper reports the results of the temperature 
profile of the unheated and unstirred continuous fer-
menting bio-slurry in a fixed-dome Deenbandhu 
2000 model. The digester is a brick-built system of 
bulk size 6 m3. The digester was monitored for eight 
months, measuring internal bio-slurry temperature. 
A K-type nickel chromium-nickel temperature sen-
sor with a sensitivity of approximately 41 µV °𝐶𝐶 and 
response time of 0.8s in liquids was positioned at the 
centre of the digester to measure the slurry temper-
ature. The sensor was connected to the data logger 
and programmed to record temperature readings 
every second for the entire study period. The study 
results reported give a clear indication about the re-
action of bio-slurry temperature in the digester at a 
local level, particularly for the eight months’ period, 
which covered all seasons. The calculated values of 
the daily average temperature reveal that the di-
gester was operating within the range of psychro-
philic 10.32 ℃ and mesophilic 28.80 ℃, although it 
sometimes operated at 35 ℃ and above during cer-
tain hours in summer. This study is useful for anaer-
obic digestion processes for biogas production. The 
results obtained can be used as a basis to estimate 
the amount of heat required to raise the temperature 
of digesters to reach an optimum temperature of 
mesophilic digesters.  
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Highlights 
• The measurements rely on the K-type nickel 
chromium-nickel  temperature sensors.  
• The temperature is measured at the centre of the 
digester. 
• The digester considered is a fixed-dome, brick-
built Deenbandhu 2000 model. 
• The digester is unheated, unstirred and buried 
underground. 
• The soil pH at 0.0 cm is 5.0 in potassium chlo-
rine. 
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1. Introduction  
Most countries are implementing renewable energy 
sources such as bio-energy as an alternative future 
energy resource. This is due to the increasing con-
cern about the man-made activities that are known 
to be emitting greenhouse gases harmful to the en-
vironment and human health. Biogas is one of these 
bio-energy sources. Biogas is defined as a composi-
tion of gases generated from anaerobic digestion of 
organic degradable material. In general terms, an-
aerobic digestion technology for capturing biogas is 
used to minimise the risk of water contamination 
caused by wastewater treatment plants and agricul-
tural activities. In this study, anaerobic digestion is 
regarded as one of the most efficient technologies 
for supplying clean energy, particularly digesters 
which operate using biomass with high water con-
tent. The fermentation process of organic materials 
and their conversion through biological and chemi-
cal stages for anaerobic digestion technology have 
been well studied (Appels et al., 2008). When con-
ditions are best, organic material in a digester can 
produce biogas containing up to 88% volume of 
methane (CH4) (Huang and Crookes, 1998). Biogas 
is considered to be one of the most environmentally 
friendly and sustainable fuels (Bhat et al., 2001). 
Limmeechokchai and Chawana (2007) indicated 
that biogas has the potential to replace utilisation of 
non-environmentally friendly fuels, while replacing 
firewood with biogas makes cooking easier, cleaner 
and safer (Mwirigi et al., 2009). Planning and 
implementing a successful anaerobic digestion pro-
ject is driven by the setup of the selected area and 
also by the approach of the project initiator to the 
government and community leaders. In many Afri-
can countries, various types of digesters have been 
implemented, mostly by non-government organisa-
tions, although only a few are operational (Parawira, 
2009). Xiaohua et al (2007) indicated that the con-
struction of biogas digesters has positive effects on 
the economy, society, ecology and environment. 
Many developing countries, such as Colombia, Ethi-
opia, Tanzania, Vietnam, Cambodia and Bangla-
desh, promoted low-cost bio-digester technology 
with the aim of reducing production costs through 
using local materials and simplifying installation and 
operation (Mwakaje, 2008). According to Igoni et al. 
(2008), a variety of digester types exist for the an-
aerobic treatment of organic wastes. Various types 
of small-to-medium-scale biogas digesters have 
been developed, including the floating drum, fixed 
dome, and plastic bag types (Amigun and Von 
Blottnitz, 2007). An inexpensive biogas digester de-
sign within the reach of the rural poor is the fixed 
dome type, which features a basic principle of mini-
mising the surface area of the equipment and reduc-
ing installation costs without compromising operat-
ing efficiency (Walekhwa et al., 2009). In Limpopo, 
the preferred digester type is brick-built and fixed-
dome. It is considered cheap and easy to build, with 
low maintenance compared with the prefabricated 
fixed-dome plastic digester and tube digester. Most 
of the installed digesters are 6 m3, with an expected 
daily gas production of 1m3. Almost all these small-
scale household digester types are only heated by 
solar radiation flux striking the soil surface and trans-
mitted through the biogas digester’s cover.  
According to Amigun and Blottnitz (2010), the 
development of the first biogas digesters in South 
Africa dates back to the 1950s. Site visits and per-
sonal consultations revealed that there were approx-
imately 450 biogas digesters installed in South Africa 
in 2015, although the records of most of these di-
gesters were not available to the National Energy 
Regulator (NERSA). This number is small compared 
to the estimated twelve million household size bio-
gas digesters in India in 2010 (Martin and Khan, 
2016). This suggests that biogas technology has not 
been effectively adopted in South Africa. Moreover, 
NERSA (2013) released a media statement stating 
that there were only 38 small biogas projects regis-
tered and operational since 2011 in the KwaZulu-
Natal, Limpopo, Free State, Western Cape and 
Gauteng provinces of South Africa. In KwaZulu-Na-
tal only six approved biogas production operations 
are situated in Izimpongo, Melmoth, and Mgwabi 
Village at Eshowe. In Limpopo all 21 biogas produc-
tion operations approved are situated in Giyani Vil-
lage of the Mopani district municipality. In Gauteng 
there is only one approved biogas production oper-
ation, in Pretoria. No information on the approved 
number of biogas operations in the Free State and 
Western Cape is available. All the approved small-
scale biogas digesters are not connected to the na-
tional gas pipeline grid and are not required to be 
licensed – although they must be registered with 
NERSA (NERSA, 2013). These digesters produce 
biogas from pig manure, cow ding, kitchen waste 
and agricultural residues.  
The small number may be influenced by the fact 
that South Africa does not have standards for biogas 
installation as indicated by the South African Na-
tional Energy Development Institute (SANEDI, 
2014). Martin and Khan (2016) highlighted the lack 
of technical knowledge as a major factor that pre-
vents a widespread adoption of biogas digesters and 
the type of the feedstock. There are several studies 
reporting production of biogas utilising different bio-
waste sources. Karellas (2010) showed that different 
feedstock is forwarded to an anaerobic digestion 
system according to feedstock availability, activities 
in the region of application and economic consider-
ations. An anaerobic digestion system does not op-
erate on a specified input stream, but on a combina-
tion of different biomass input streams with variable 
compositions that constitute the feedstock mixture. 
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The study conducted by Parawira (2009) to review 
biogas technology status, constraints and prospects 
in Africa reported poor technical quality as a factor 
that prevents widespread use of small-scale biogas 
digesters. South Africa has, however, has under-
taken measures to promote biogas technology, in-
cluding the establishment of the Southern African 
Biogas Industry Association (SABIA). Amongst 
other the technical factor for the adoption of biogas 
technology, operating temperature which is a phys-
ical factor plays an important role. Singh et al. 
(1995) indicated that low production of biogas and 
digester failure is linked to low temperatures. con-
struction of Biogas digesters seems to be gaining 
momentum in the Limpopo province, especially in 
Mopani and Vhembe district municipalities. How-
ever, research and communication articles such as 
those by Hlungwani (2009), Kotzé (2014) and Max-
well (2014) have focused on where, how, when a 
biogas project was implemented, for what purpose 
and who funded it. Information about the operating 
temperature for the household digesters in Limpopo 
province of South Africa is, therefore, lacking. 
1.1 Internal bio-slurry temperature in anaer-
obic digestion  
Researchers have widely focused on how tempera-
ture influences the production of biogas (Kalia and 
Kanwar, 1998; Pham et al., 2014; Alkhamis et al., 
2000), irrespective of digester designs or installa-
tions. Dhaked et al. (2010) stated that there are four 
temperature ranges for anaerobic digestion process: 
thermophilic temperature range (45–60 °C), meso-
philic temperature range (30–40 °C) psychrotrophic 
temperature range (20–30 °C), and psychrophilic 
temperature range (< 20 °C. Kalia and Kanwar 
(1998) evaluated a 3 m3 fixed-dome janta biogas 
digester in hilly conditions at an altitude of 1300 m 
above the mean sea level. Their interest was to 
measure the bio-slurry temperature at the centre of 
the digester plant and the ambient temperature us-
ing platinum resistance temperature probes coupled 
with a multi-channel data logger set to record tem-
perature at hourly intervals. Results showed that the 
digester temperature remains in the lower psy-
chrotrophic range (16–24 °C) for nearly eight 
months from March to October, and in a psychro-
philic temperature range (13–14 °C) for the rest of 
the year. It is evident that the measured temperature 
range was always below the optimum temperature 
(32-35 °C) required for gas production (Kalia and 
Kanwar, 1998). The micro-organisms growth rate of 
the anaerobic digestion system improves in meso-
philic and thermophilic conditions (Shaheen and 
Nene, 2014). This improvement also plays a major 
role in the rate of methane production. The govern-
ing equation that is used to estimate the methane 
production rate has been well studied and is given 
by Equation 1, used in the model of Chen and 
Hashimoto (1979):  
      +−−= kHRT kHRTSB m 1*100 µγ  (1) 
where the values of overall production yield oB is the 
inflow volatile solids; oS is the concentration of 
organic components in the cow dung; HRT is the 
hydraulic retention time; mµ is the maximum 
specific growth rate of microorganisms of cow dung 
as a function of the temperature of the slurry inside 
the digester; and 𝑘𝑘 represents the kinetic constant. 
The maximum specific growth and kinetic growth 
can be estimated using Equations 2 and 3: 
     sTm e *11881.00039.06.0 +=µ   (2) 
where Ts represents bio-slurry temperature. 
     0*051.00206.06.0 Sek +=  (3) 
where oS is the concentration of organic 
components in the cow dung. The concentration of 
organic components is well defined in the study by 
Pham et al. (2014), who applied Equation 1. 
Utilising the same equation, Kalia and Kanwar 
(1998) reported the effect of temperature on the 
production of biogas. They found that lowering the 
digester temperature from 23–24 °C in summer 
months and to 13–14 °C  in winter months resulted 
in a decrease of gas production by 23–37%. Kalia 
and Kanwar’s (1998) study agrees with that of 
Alkhamis et al. (2000), which indicates that heating 
the bio-digester to a temperature of about 35 °C is 
important for mesophilic bacteria growth and activ-
ity to obtain optimum biogas production. Martin and 
Khan (2016) conducted a study on the review of bi-
ogas digester technology in rural Bangladesh and 
one of the findings was on the impact of internal 
temperature on biogas production throughout the 
digestion process. When the temperature fell below 
12 °C  (especially during winter, of course), very low 
biogas production rates resulted. In the study, the 
average temperature inside the digester remained at 
19–26 °C, which is a psychrotrophic condition. It is 
evident that the measured digester temperatures did 
not result in higher gas yields since the optimum 
temperature range for high gas yield was mesophilic 
temperature.  
Terradas-III et al. (2014) developed a thermic 
model to predict biogas production in an unheated 
fixed-dome digester buried underground and pre-
dicted temperatures of the slurry inside the digester. 
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The temperature of the slurry was then used to pre-
dict biogas. The digester was reportedly made from 
fibreglass. Their validation results were based on the 
time evolution for the predicted and the measured 
digester temperatures over seven months with the 
root square of approximately 1. Aburas et al. (1995) 
investigated a biogas digester at the University Farm 
in Jordan with a 16 m3 active volume, made in the 
shape of a cube below ground level, with curved cor-
ners and a flat roof, and constructed out of concrete. 
The results showed that ambient temperature has an 
effect on the digester’s temperature. Ambient tem-
perature was always greater than the digester’s tem-
perature except on the one day when the tempera-
tures were equal. It can be inferred that the ambient 
temperature is a good predictor of the slurry temper-
ature only for a short period of time. Mukumba et al. 
(2015) investigated the variation of slurry tempera-
tures of an off-ground batch digester with uncovered 
dome at different days during the beginning of the 
summer month of September at the University of 
Fort Hare, Eastern Cape, South Africa. The results 
showed the interdependence of slurry, biogas and 
ambient temperatures over a short period. Weather-
ford and Zhai (2015) argued that people in colder 
climates and higher altitude cannot take advantage 
of anaerobic digestion because of the low tempera-
ture of the slurry, although the study used a tubular 
polyethylene bio-digester.  
The aim of the present study was, therefore, to 
monitor the temperature of the bio-slurry inside the 
unstirred, unheated biogas digester. The present 
study gives an indication about the reaction of slurry 
temperature within the digester at a local level, for 
eight months covering both winter and summer. 
Brick-built biogas digesters were constructed under-
ground, so that the energy to heat them could only 
be associated with solar radiation falling on the sys-
tem’s specific location – meaning that an incoming 
amount of solar radiation striking the soil surface 
could affect the internal temperature of the digester 
installed. 
Figure 1: The three brick-built digesters. 
2. Material and methods  
2.1 Study location 
A selected site for this study is the rural-based Vele 
Secondary School in the Thulamela local municipal-
ity of Vhembe district, Limpopo province, South Af-
rica (geographical coordinates: 22°45'56.08"S, 
30°20'34.44"E). Vhembe’s climate is typically sub-
tropical, with mild, moist winters and wet, warm 
summers. The annual temperature profile ranges 
from 10 °C during winter up to 40 °C during summer 
(Mutale Municipality, 2012).  
2.2 Experimental  
Three fixed-dome brick-built biogas digesters of bulk 
size 6 m3, as shown in Figure 1, were monitored for 
a period of eight months (May to December 2015), 
measuring internal slurry temperature. The digesters 
are separated by 2 m. The experimental period cov-
ered winter and summer, with days of rainfall, cold 
and warm conditions which affected the tempera-
ture of the digestion process. The digesters were 
constructed following the design of a fixed-dome 
Deenbandhu 2000 model in India (Cheng et al., 
2013). Its main components include a bowl-shaped 
foundation with a collar around the circumference, 
gas outlet pipe fitted on top of the dome surface, a 
110.0 mm x 2.0 m PVC inlet pipe connected to a 
small mixing tank and an outlet which is a rectangu-
lar tank of volume 1.2 m x 1.0 m x 1.1m a part of 
the digester where the bio-slurry is stored after it has 
been discharged through the small opening on the 
bottom part of the dome. The dome also has an up-
per and bottom part. This part of the digester was 
covered with a rectangular slab to avoid substantial 
heat loss. The bottom part of the dome is where the 
bio-slurry is stored to initiate the fermentation pro-
cess and the upper part is where the generated gas 
by the fermenting slurry is stored before utilisation. 
The upper part is also known as the gas chamber 
and its volume is equivalent to the volume of the 
outlet tank. They were all built underground using 
the following materials: 
• cement bricks (20 x 10 x 6.5 cm) usually used 
for building houses in the area, each with 
thermal conductivity of 0.8 W/(mK) a value that 
agrees with the thermal cocundctivity of a brick 
in the study of Mukumba et al. (2015); 
• a 20 cm concrete slab at the bottom of the 
digester; and 
• the inner and outer walls of the digester were 
plastered, and only painted with waterproofing 
paint inside the digester to prevent gas and 
water leakage.  
The dome of the selected digester was not 
covered during the study. The digester was first filled 
with 2500 L of clean ground water with a pH of 6.0–
7.0. A compressor was used to preasurise the 
digesters in order to check for leakages. A maximum 
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of 10 kpa was pumped into each digester through 
the gas outlet pipe and the change in presure was 
monitored for the period of nine hours. When it was 
confirmed that there was no change in pressure, 
fresh cow dung was collected from local cattle-
owners and feedlots around the village. To initiate 
the process, the digesters were filled with 2500 L of 
clean water and then loaded with 180 kg of cow 
dung mixed with 180 L of water. The digester was 
continuously fed daily with 20 kg of cow dung mixed 
with 20 L of water to allow it to completely close the 
opening at the outlet side of the digester. This 
procedure is also used to prevent the gas from 
escaping through the outlet side. The properties 
(specific heat capacity, thermal conductivity, and 
density) of the daily feed were assumed to be 
equivalent to the properties of the mixture 
throughout any location inside the digester. A 
sufficiently flammeable methane gas (≥ 51 % CH4) 
was detected by a hand-held Riken Niken gas 
detector of model GLX 2012 on 21 April 2015, or 
after 42 days, for all the digesters. 
2.3 Measurements of internal slurry 
temperature and ambient temperature 
The fermenting slurry temperatures inside each 
digester were measured using a MultiCon CMC‑141 
data logger (SIMEX Sp, 2015). The data logger was 
fitted with three K-type NiCr-Ni temperature sensors 
of sensitivity of approximately 41 µV ℃ and re-
sponse time of 0.8 s in liquids (Leybold, 2014). The 
temperature sensors were connected to the logger 
using wires of about 10 m in length. The sensors to 
measure slurry temperature were located at the cen-
tre of each digester so that all points in the digester 
were represented by a single temperature at its 
centre (Baral et al., 2013). The measurements of 
temperature commenced on the 01 May 2015. The 
data were logged every second, while hourly and 
daily averages were automatically measured by the 
logging device. The logged data were retrieved and 
imported to the Matlab (MathWorks, 2016), which 
was used to visualise the variation of temperature 
inside the three digesters during the period under re-
view. The choice of measuring slurry temperature at 
one point within the digester was based on the as-
sumption that there is no gradient in slurry temper-
ature inside the digester at any depth. This is sup-
ported by the results of Terradas-III et al. (2014), 
which showed that the average slurry temperature 
related to depths was 24.80 °C at 1m, 24.50 °C at 
1.4 m, and 24.40 °C at 1.8 m and the mean stand-
ard deviation of the temperature at the three depths 
was 0.5 °C. 
3. Results and discussions 
The results are presented and discussed on the basis 
of the first digester because there were no significant 
differences observed between the values of temper-
ature. For better graphical analysis, four graphs were 
plotted and are presented in the order of average 
daily temperature, average monthly temperature, 
monthly minima, maxima and average hourly tem-
perature. The graph in Figure 2 represents the bio-
slurry temperature across the period. It is evident 
from the graph that weather conditions played a sig-
nificant role in the heat transferred to the digester. 
This feature is seen by observing unstable tempera-
tures and might be due to the lower absorption of 
heat by the bio-slurry. The figure also shows that the 
daily average bio-slurry temperature profiles inside 
the digester vary from as low as 10.20 °C during the 
peak of winter to only about 28.80 °C during the 
peak of summer. The month of May was character-
ised by a daily average temperature as low as 16.70 
°C with a maximum of 22.90 °C. June saw a daily 
average temperature down to 10.20 °C rising to a 
maximum of 19.30 °C. July and August were also 
very cold, recording slurry temperatures ranging be-
tween 13.20 °C and 20.80 °C and 12.50 °C to 23.20 
°C respectively. The warmer months of September, 
October, November and December recorded, as ex-
pected, relatively higher daily average temperatures 
inside the digester bio-slurry, ranging from 12.80 °C 
to just above 24.80 °C, between 15.80 °C and 27.00 
°C, from 16.70  to 28.8  and from 19.10 °C to 28.40 
°C. 
Figure 3 represents the monthly average bio-
slurry temperature profile. It shows that during the 
May, which marks the beginning of winter season, 
the average temperature was 19.60 °C. June had a 
monthly average of 15.90 °C, and July and August 
recorded monthly averages of 17.10 °C and 18.50 
°C  respectively. The warmer months of September, 
October, November and December recorded rela-
tively higher monthly averages of 19.10 °C, 22.40 
°C, 23.00 °C and 25.40 °C respectively. 
Figure 4 shows the bio-slurry temperature on the 
coldest and hottest days measured. Day 10 of the 
month of June was recorded the coldest with a 
monthly average temperature of 15.90. To get a 
clearer picture it is necessary to focus on an hourly 
average temperature from 00H00 to 23H59 of the 
following day. Looking at the fit for the coldest day 
of the month of June the temperature starts to rise 
at around 07H00 and attain a maximum of 18.81 
for three hours between 14H00 and 16H00. The 
minimum was 4.70 °C, around 07H00. The graph 
shows a substantial difference between the coldest 
and hottest temperature, from a minimum of 5.05 
°C at 05H00 on 10 June to a maximum of 38.76 °C 
at 13H00 on 2 November. The graph also shows 
that the temperature was above 30.00 °C from 
08H00 until 17H00 on 2 November. 
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Figure 2: Bio-slurry temperature profile for combined daily average for eight months. 
 
Figure 3: A monthly average bio-slurry temperature profile. 
 
Figure 4: Internal slurry temperature profile for hourly average for the winter and summer peaks. 
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4. Conclusions  
The study monitored the operational temperature of 
fermenting slurry inside an underground, unheated 
and unstirred Deenbandhu 2000 model biogas di-
gester by orientating a temperature sensor at the 
centre of a digester. The emphasis was on showing 
how important it is to conduct a long-term study of 
slurry temperature profile at local level. On the basis 
of the obtained results, the following conclusions 
may be drawn:  
1. The average daily operational temperature of 
the digester at Vele Secondary School ranged 
between psychrophilic (10.32 ℃) and meso-
philic (29.80 ℃) between May and December 
2015.  
2. The slurry temperature in both winter and sum-
mer months started to rise from low to high 
mainly at 08H00 and dropped from high to low 
mainly at 17H00.  
3. The biogas digesters were sometimes operating 
at an optimum mesophilic temperature range in 
summer hours. For example, in the hottest 
month (November) the system’s temperature 
was over 35.00 ℃ for seven hours, between 
11H00 and 17H00.  
4. Bio-slurry microorganisms inside the digesters 
suffer severely during the evening and early 
morning hours of the day when the minimum 
temperature is below 20.00 ℃ .  
 
In view of all this, it is recommended that in cold 
weather conditions, especially during winter months 
and early morning hours, additional heat should be 
provided to increase the slurry temperature within 
the digester system. This study provides information 
to support decisions as to installing solar assisted bi-
ogas digesters in the area. Further study is needed 
to estimate the amount of heat required to raise the 
temperature of these biogas digesters in order to 
reach an optimum temperature of mesophilic oper-
ation. This can be done using the sets of primary 
data of this study. In addition, future studies should 
endeavour to relate bio-slurry temperature to air 
temperature, soil temperature, soil moisture as well 
as the amount of rainfall. Financial support would 
be needed to acquire measuring materials.  
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